Conversely, health care providers must often contend with constraints on the time they can spend evaluating and counseling their patients with diabetes; approximately 50% of physicians spend less than 16 minutes with each patient. 5 The impact of these time constraints is compounded when accurate blood glucose data are not available in formats that allow for identification and/or interpretation of meaningful glycemic patterns. 6 Lack of time and useful glucose data can hinder timely initiation and/or intensification of therapy, a condition often referred to as "clinical inertia." [7] [8] [9] Because most of the daily tasks associated with diabetes self-management are handled by patients (or caregivers), reliable and valid measures are needed to support adherence to therapy. 10 Self-monitoring of blood glucose (SMBG) provides this metric. However, effective use of this technology requires that testing regimens are structured to identify patterns of glycemic control, and that patients and their health care providers possess the knowledge, skills, and willingness to accurately interpret the data and make appropriate therapy changes. 11, 12 This highlights the strong need for comprehensive education and training in diabetes self-management concepts and skills. 13 Several recent studies have shown that use of structured SMBG in combination with education and clinician support, promotes desired behavioral changes, enhances patient motivation and empowerment, increases patient understanding of their treatment regimens and facilitates therapy intensification, leading to improved clinical outcomes and quality of life. [14] [15] [16] [17] [18] [19] [20] [21] Among these was the Structured Testing Program (STeP) study, a cluster-randomized, controlled, multicenter trial, in which poorly controlled, non-insulin-treated T2D patients used a simple paper tool to collect 7-point glucose profiles on 3 consecutive days. 15 At 12 months, patients who utilized the structured testing tool showed significant improvements in glycemic control, HbA1c depression, and diabetes-related distress, 22 and patient self-efficacy and autonomous motivation in managing their diabetes. 23 Although well-designed randomized controlled trials allow for assessment of treatment interventions under controlled conditions, they may not represent the impact and/or feasibility of those interventions in real world clinical settings. In 2012, we reported findings from a 12-week, multinational observational study that showed use of a modified version of the STeP study intervention is associated with improvements in glycemic control and markers of metabolic risk in poorly controlled T1D and T2D patients treated by diabetes specialists in everyday practice. 24 In the current study, we sought to confirm the clinical and quality-of-life benefits associated with the modified STeP intervention in primary care settings throughout Serbia.
Methods
This was a 6-month, prospective, multicenter, noninterventional, observational study of people with T1D and insulin-treated T2D who used the Accu-Chek 360° View tool, supported by use of the Accu-Chek Assist materials (Roche Diagnostics GmbH, Mannheim, Germany), a standardized educational program, to assess the impact of structured SMBG on glycemic status, metabolic markers of diabetic complications, and diabetes-related distress when used in primary care practice settings.
Participants
Patients were recruited from by 32 physicians from 28 primary health care centers across Serbia. Physicians were asked to identify at least 10 poorly controlled subjects with T1D and insulin-treated T2D from their own practices for inclusion in the study. Study physicians received training in using the structured testing tool and education module prior to study initiation.
Four hundred patients were screened; 349 met inclusion criteria and were enrolled in the study. Inclusion criteria were age 18-70 years; HbA1c ≥8%; treated with insulin (monotherapy or in combination with oral antidiabetes agents); and willing/capable to perform SMBG measurements. Exclusion criteria were recent myocardial infarction, stroke, or diabetic ketoacidosis; pregnant or breast feeding; chronic infection; malignancy; recent emotional trauma; dementia; psychiatric disorders; treated with steroid therapy ≥14 days during the last 3 months; parenteral therapy with medications containing maltose (or metabolized into maltose); recent D-xylose test for malabsorption; and congenital galactosemia.
All recruited patients provided signed written consent. The study protocol was approved by the Ethics Committee in each primary health care center and by the central regulatory body of the country (Agency for Drugs and Medical Devices of Serbia).
Study Materials
The structured testing tool is a simple paper form that patients can use to generate 7-point blood glucose profiles over 3 consecutive days. The tool allows patients to document meal sizes and energy levels and to comment on their SMBG experiences ( Figure 1) .
The standardized educational program comprised 9 modules covering the main topics in diabetes. Education content incorporating cartoons is made available through easy-toteach and easy-to-learn modules.
Procedures
At the baseline visit (visit 0), investigators used a 1-page form to collect and document patient name/number; type of diabetes; diabetes duration; gender; age; diabetes therapy (diet, noninsulin drug, insulin); average number of blood glucose test strips used per week. Measurements of weight, height, lipids (total cholesterol, LDL cholesterol, HDL cholesterol, and triglycerides), HbA1c, and blood pressure were taken and documented. The Diabetes Distress Scale (DDS) questionnaire 25 was administered to assess psychosocial distress in diabetes.
All patients were referred to a specialized educational hospital (Merkur Hospital/Vrnjacka Spa, Serbia) to participate in a 10-day, in-patient diabetes education program in accordance with current social security regulations of the country. All patients received a free blood glucose meter (Accu-Chek Active, Roche Diagnostics GmbH, Mannheim, Germany) and testing supplies. Patients were trained to operate the blood glucose meter and use the structured testing tool to document their SMBG results and adjust diet, physical activity and therapy as needed.
After completing the educational program, patients were seen monthly for the next 5 months (visits 1-5) by their primary care physicians. Patients were asked to complete the structured testing tool 1 week prior to each monthly visit, and bring the completed tool to each clinic visit for review and discussion. Physicians used a module of the educational program to provide remedial training as needed. to active group subjects. The module focused on improving glycemic control through structured glucose monitoring and lifestyle adjustments (eg, exercise, diet, prevention/treatment of hypoglycemia/hyperglycemia and other self-management behaviors). At the 6-month visit, physicians obtained physical and metabolic measurements and readministered the DDS questionnaire.
Clinical Measures
The primary endpoint for the study was change in HbA1c from baseline to study end. Secondary endpoints included weekly frequency of SMBG; number of hospitalizations due to metabolic disorders of diabetic complications during the study period compared to hospitalization during the 6 months prior to the study; changes in waist circumference, blood pressure, lipid levels (total cholesterol, LDL cholesterol, HDL cholesterol, triglycerides), and albumin excretion (24-hour urinary albumin excretion [UAE] rate); and changes in diabetes-related distress. Samples and measurements for comparison were obtained at the baseline (visit 0) and study end (visit 5).
All laboratory analyses were conducted by a central laboratory (Konzilijum referent biochemical laboratory, Belgrade, Serbia), using commercially available kits on paired samples. The HbA1c values were determined using immunoturbidimetric assay. Determination of lipid parameters, total cholesterol, HDL cholesterol, and triglycerides concentrations were analyzed using commercial enzymatic kit (Roche Diagnostics GmbH, Mannheim, Germany). LDL cholesterol levels were calculated by using standard Friedewald formula. UAE in 24-hour urine collection was determined by immunonephelometry method. Microalbuminuria was defined as UAE 30-300 mg/24h. Macroalbuminuria was defined as UAE >300 mg/24h. Frequency of SMBG was determined according to downloaded data from blood glucose meters and patient blood glucose logbooks. The number of hospitalization and reasons for hospitalizations were determined from patients' individual medical history records.
Diabetes-related distress was assessed using a modified Diabetes Distress Scale (DDS) questionnaire, a validated instrument. 25 From modified DDS questionnaire, 4 preestablished domains of diabetes related distress were computed: total DDS score as a score of all questions; emotional burden (EB) as a score of 5 items; physician-related distress (PRD) as a score of 4 items; and regimen-related distress (RRD) as a score of 5 items.
Statistical Analysis
Descriptive statistics were used to summarize the baseline characteristics of the study population. Categorical variables were summarized counting frequency and percentages, while means and standard deviations were used for continuous variables. The Kolmogorov-Smirnov test was used for testing normality of the data distribution and variable not normally distributed were log-transformed. The significance of variable differences between visit 0 and visit 5 was tested by 2-sided Student's t-test for paired samples (continuous variables) or by the McNemar's test (categorical variables).
Differences between the groups were tested by 2-sided Student's t-test, Mann-Whitney t-test or χ 2 test. The Pearson correlation coefficient or the Spearman's rank correlation was used to test the relationship between the variables. The statistical analyses were performed using SPSS software, version 20.0 (SPSS Inc, Chicago, IL, USA), and data are presented as mean ± SD. Differences were defined statistically significant if P < .05. Figure 1 . HbA1c levels at baseline and study end in all patients, type 1 diabetes (T1D) and type 2 diabetes (T2D) patients. All patients: P < .01; T1D patients: P = .07; T2D patients: P < .001. 
Results
All 346 enrolled patients completed the study. Patient characteristics are presented in Table 1 . Patients with T1D were significantly younger than T2D patients group, while both groups (T1D and T2D) did not differ in respect to gender. However, T2D patients had higher BMI (P < .05) and waist circumference (P < .01) in comparison to T1D patients. The frequency of retinopathy was similar in both groups, but patients with T2D had more cardiovascular and ischemic brain disease, as well as peripheral artery disease and diabetic foot complications. However, the frequency of previously diagnosed nephropathy was higher in T1D patients, while the incidence and levels of microalbuminuria (UAE 30-300 mg/24h) were similar in both groups, respectively. Also, the investigated T1D and T2D patient groups did not differ in the incidence of macroalbuminuria (UAE > 300 mg/24h). Simultaneously, T2D patients had higher both systolic and diastolic blood pressure than T1D patients.
HbA1c Levels
Mean (± SD) HbA1c within the full cohort was significantly improved at 6 months versus baseline (8.85 ± 1.17% vs 7.91 ± 1.24%, P < .01). Improvements were more profound among T2D patients (8.85 ± 1.14 vs 7.82 ± 1.24%, P < .001) than T1D patients (8.87 ± 1.33 vs 8.41 ± 1.09%, P = .07) (Figure 1 ).
SMBG Frequency
Significant increases in average SMBG frequency per week were seen within the full cohort and T1D and T2D patients at 6 months versus baseline (14.6/week vs 4.3/week, P < .001) (Figure 2 ). The last visit (visit 5), a high percentage of all patients (95.7%) recorded at least 2 out of 3 daily blood glucose profile using the structured testing tool.
Hospitalization Rates
The mean (± SE) number of hospitalizations due to metabolic conditions was significantly lower during the 6-month study compared to the 6-month period prior to the study (0.14 ± 0.04 vs 0.59 ± 0.09). Similarly, the rate of hospitalizations due to metabolic problems significantly decreased in both T1D (1.32 ± 0.46 vs 0.35 ± 0.23, P < .05) and T2D patients (0.46 ± 0.07 vs 0.10 ± 0.03, P < .001) during the study period. The number of hospitalizations due to diabetic complications significantly decreased only in T2D patients (0.28 ± 0.06 vs 0.11 ± 0.03, P < .05), but not in T1D patients (0.12 ± 0.09 vs 0.07 ± 0.03, P = ns) at month 6. 
Cardiovascular Risk Factors
No significant changes in waist circumference, systolic and diastolic BP during the study period (Table 2) . A small but statistically significant increase in total and LDL cholesterol levels at the end of the study period was observed, while the levels of HDL cholesterol and triglycerides remained the same. In T2D patients, total and LDL cholesterol significantly increased; however, a significant reduction in triglycerides and increase in HDL cholesterol was seen during the study period. Microalbuminuria levels decreased in T1D group and increased in T2D group but without statistical significance in either group. The percentage of patients with macroalbuminuria slightly increased in the T1D group and decreased in T2D group but without statistical significance.
Diabetes Distress Scale (DDS) Score
Total DDS scores in the full cohort were significantly lower at study end compared to baseline (P < .01) ( Table 3 ). Significant improvements in emotional burden (EB) score (P < .01), physician-related distress (PRD) score (P < .01) and regimen-related distress (RRD) score (P < .01) were also seen. Similar favorable effects in all 4 scores were seen in T2D patients but significant improvements were not seen in T1D patients.
Analysis of Correlations
In T2D patients, baseline SMBG frequency negatively correlated with initial total DDS score (r = -.182, P < .01), EB score (r = -.135, P < .05), and RRD score (r = -.267, P < .001). In T1D patients, correlation was found only with PRD score (r = -.343, P < .01). In both T1D and T2D, baseline SMBG frequency at the study end (visit 5) correlated with initial hospitalization rate due to metabolic problems, in both T1D (r = .329, P < .05) and T2D patients (r = .198, P < .01). In T2D, the number of the education models used for patient education, both at first and at last visit, significantly correlated with the final SMBG frequency (r = .202, P < .01 and r = .148, P < .05, respectively), but not in T1D patients. In T2D patients, HbA1c level at the end of the study positively correlated with initial total DDS score (r = .168, P < .01), EB score (r = .149, P = .05), and RRD score (r = .212, P < .001), as well as total DDS score (r = .242, P < .001), EB score (r = .255, P = .001), and RRD score (r = .258, P < .001) at the study end. In contrast, significant correlation between final HbA1c level and the most of the DDS scores, except with RRD score were not seen in T1D patients (r = .403, P < .01).
Final HbA1c levels significantly correlated with hospitalization rates due to metabolic problems at the study end, both in T1D (r = .403, P < .01) and T2D patients (r = .154, P < .05). 
Discussion
Our study showed that use of structured SMBG in combination with comprehensive diabetes education and self-management training is associated with improved glycemic control and fewer hospitalizations and reduced diabetesrelated distress. Moreover, our results showed that this intervention reduced diabetes-related distress and increased adherence to treatment regimens. In addition, the high percentage of patients who utilized the structured testing tool suggests an increased level of patient engagement with their treatment. Several limitations of this study are noteworthy. First, patients' participation in the in-hospital educational program likely impacted both metabolic and quality-of-life measures. Therefore, it is not possible to parse out the individual effects of either in-hospital education or structured SMBG. It is noteworthy, however, that results from meta-analyses of studies that assessed the impact of structured diabetes education on glycemic control showed improvements in HbA1c ranging from -0.32% 26 to -0.76%. 27 In our analysis, HbA1c improvements ranged from -0.46% in T1D patients to 1.03% in T2D patients, which suggests that structured SMBG in combination with education had an additive effect. Another limitation is the provision of free blood glucose meters and test strips to the T2D study patients. In Serbia, T1D patients receive free meters and test strips with a limit of 50 strips per month for adults and 150 test strips per month for children and pregnant women. T2D patients are responsible for 100% of blood glucose monitoring costs. In addition, use of a randomized, controlled study design would have allowed a more conclusive assessment of the impact of structured SMBG in combination with education.
A key strength of our study is that it was conducted in primary care practices, which suggests that the intervention is practical in real world clinical settings and can be used effectively in both T1D and T2D populations by clinicians nonspecialized in diabetes. In addition, our results are consistent with findings from several recent studies of both insulin-treated and non-insulin-treated populations in which SMBG data were gathered in a structured manner and then utilized to make appropriate treatment changes, [14] [15] [16] [17] [18] [19] [20] [21] thereby suggesting a high level of external validity.
Conclusions
Use of structured SMBG in combination with intensive education was associated with clinically significant reductions in HbA1c, increased SMBG frequency, fewer hospitalizations, and improved quality of life. Given the increasing worldwide prevalence of diabetes worldwide, it is important that treatment tools and approaches are utilized effectively to facilitate improved clinical outcomes and reduce the costs associated with poorly managed diabetes. Contrary to random or unfocussed glucose monitoring, structured SMBG has been shown to be a valuable, practical component of effective diabetes management in real-world clinical settings. Additional studies are needed to elucidate the how structured SMBG can be used most effectively in various patient populations and practice settings.
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